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FODVVLILHU�IRU�WKH�WHVWLQJ�GDWD ����)171)373 )1)3( u��� � ����)173735 u� 
����)373733 u� ���

ZKHUH�73�LV�WKH��QXPEHU�RI�WUXH�SRVLWLYHV��L�H���SDWKRJHQLF�SURWHLQV��)3�LV�WKHQXPEHU�RI�IDOVH�SRVLWLYHV��71�LV�WKH��QXPEHU�RI�WUXH�QHJDWLYHV�DQG��)1 LV�WKH�QXPEHU�RI��IDOVH�QHJDWLYHV�
7KH� FODVVLILFDWLRQ� UHVXOWV� XVLQJ� WKH� OHDYH�RQH�RXW� FURVV� YDOLGDWLRQ� SURFHGXUHDQG�D�OLQHDU�NHUQHO�IXQFWLRQ�ZLWK�GLIIHUHQW�SRVLWLRQ�GHSHQGHQW�VFDOLQJ�VFKHPHVIRU�WKH�LQSXW�IHDWXUHV�UHSUHVHQWLQJ�WKH�VHTXHQFH�RI�DPLQR�DFLGV�DUH�SUHVHQWHGLQ� 7DEOH� ��� 7KH� UHVXOWV� RI� DSSO\LQJ�JHUPOLQH� VHTXHQFH� VFDOLQJ EDVHG� RQ� DSULRUL NQRZOHGJH�DERXW�WKH�VLJQLILFDQFH�RI�HDFK�VSHFLILF�DPLQR�DFLG�PXWDWLRQGHULYHG� IURP� FRQVHUYDWLRQ� DW� WKH�JHUPOLQH� OHYHO� DFKLHYHG����� FODVVLILFDWLRQDFFXUDF\��RU�DOWHUQDWLYHO\������FODVVLILFDWLRQ�HUURU�������UHFDOO�DFFXUDF\��DQG����SUHFLVLRQ�DFFXUDF\�� �7KH�FRPELQDWLRQ�RI� WKH�JHUPOLQH� VHTXHQFH� VFDOLQJIROORZHG�E\�DGDSWLYH�VFDOLQJ�HPSOR\LQJ�WKH�ILUVW�RUGHU�VHQVLWLYLW\�LQGH[�LQ�(T����� \LHOGV� VLJQLILFDQW� LPSURYHPHQWV� �H[FHSW� LQ� UHFDOO�� UDQJLQJ� IURP� ���� WR�����FRQILUPLQJ�RXU�K\SRWKHVLV�WKDW�WKH�XVH�RI�DGDSWLYH�VFDOLQJ�UHVXOWV� LQ�DQLPSURYHG�FODVVLILHU��
7DEOH� ��� � /HDYH�RQH�RXW� FODVVLILFDWLRQ� DFFXUDF\� EDVHG� RQ� VHYHUDO� VFDOLQJVFKHPHV�RI�WKH�LQSXW�IHDWXUHV

6FDOLQJ�VFKHPH &ODVVLILFDWLRQ(UURU��(����� 5HFDOO���5���� 3UHFLVLRQ��3����*HUPOLQH�VHTXHQFH�VFDOLQJ �� �� ��*HUPOLQH�VHTXHQFH�VFDOLQJ�IROORZHG�E\DGDSWLYH�VFDOLQJ �� �� ��
5DQGRPO\�DVVLJQHG�FODVVHV�ZLWK�JHUPOLQHVHTXHQFH�VFDOLQJ �� �� ��
5DQGRPO\�DVVLJQHG�FODVVHV�ZLWK�JHUPOLQHVHTXHQFH�VFDOLQJ�IROORZHG�E\�DGDSWLYH�VFDOLQJ �� �� ��
+HXULVWLF�FODVVLILFDWLRQ �� �� ��

7R�GHWHUPLQH�LI�WKH�690�ZDV�LQGHHG�OHDUQLQJ�WKH�XQGHUO\LQJ�VWUXFWXUH�RI�WKHGDWD� ZH� UHSHDWHG� WKH� VLPXODWLRQV� ZLWK� UDQGRPO\� DVVLJQHG� ODEHOV� IRU� DOO� ��VDPSOHV��7KH�K\SRWKHVLV� EHLQJ� WKDW�� LI� WKH� FODVVLILHU�ZDV� LQGHHG� OHDUQLQJ� WKH
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XQGHUO\LQJ� VWUXFWXUH� RI� WKH� GDWD�� DV� RSSRVHG� WR� OHDUQLQJ� WKH� VWUXFWXUH� RIUDQGRP�GDWD��LWV�DFFXUDF\�ZLWK�UDQGRPO\�DVVLJQHG�ODEHOV�VKRXOG�EH�DERXW�����$� ODUJH�DFFXUDF\�ZRXOG� LQGLFDWH� WKDW� WKH�690� LV� OHDUQLQJ� WR�H[SODLQ�QRLVH��7KH�UHVXOWV�XVLQJ�JHUPOLQH�VHTXHQFH�VFDOLQJ�DUH�LOOXVWUDWHG�LQ�WKH�WKLUG�URZ�RI7DEOH����ZKLFK�LQGLFDWH�DQ�RYHUDOO�FODVVLILFDWLRQ�HUURU�RI������FOHDUO\�VKRZLQJWKDW� WKH� 690� LV� FDSDEOH� RI� FDSWXULQJ� WKH� XQGHUO\LQJ� VWUXFWXUH� RI� WKH� DPLQRDFLG�VHTXHQFHV��
7KHVH� VLPXODWLRQV� DOVR� VHUYH� WR� YHULI\� WKDW� WKH� SURSRVHG� DGDSWLYH� VFDOLQJNHUQHO� DOJRULWKP� GRHV� QRW� UHVXOW� LQ� DQ�RYHUILWWHG� PRGHO� WKDW� LPSURYHV� WKHH[SODQDWLRQ�RI�WKH�WUDLQLQJ�GDWD�DORQH�ZLWKRXW�LPSURYLQJ�WKH�JHQHUDOL]DWLRQ�RIWKH�FODVVLILFDWLRQ�PRGHO��:KHQ�DGDSWLYH�VFDOLQJ�ZDV�HPSOR\HG�WR�WKH�VDPSOHVZLWK� UDQGRPO\� DVVLJQHG� ODEHOV� WKH� FODVVLILFDWLRQ� HUURU� UHPDLQHG� HVVHQWLDOO\XQFKDQJHG�ZKLOH�UHFDOO�GHFUHDVHG��VHH�URZ�IRXU�LQ�7DEOH����$Q�LQFUHDVH�LQ�WKHFODVVLILFDWLRQ� DFFXUDF\�ZRXOG� KDYH� LQGLFDWHG� WKDW� DGDSWLYH� VFDOLQJ� LV� IRUFLQJWKH�PRGHO�WR�OHDUQ�WKH�VWUXFWXUH�RI�UDQGRP�GDWD�
)LJXUH� �� VKRZV� WKH� QRUPDOL]HG� HIIHFWLYH� VFDOLQJ� IDFWRUV� DJJUHJDWHG� RYHU� WKHHQWLUH�GDWD�VHW�IRU�WKH�����DPLQR�DFLG�SRVLWLRQV�LQ�WKH�VHTXHQFH��7KH\�FDQ�EHHPSOR\HG� DV� PHWULFV� IRU� IHDWXUH� VHOHFWLRQ� DV� WKH\� SURYLGH� D� PHDVXUH� RIUHOHYDQFH�RI�WKH�FRQWULEXWLRQ�RI�HDFK�DPLQR�DFLG�SRVLWLRQ�WR�WKH�FODVVLILFDWLRQ�+HQFH�� DPLQR� DFLG� SRVLWLRQV� ZLWK� ODUJH� VFDOLQJ� IDFWRU� YDOXHV� DUH� NH\� LQGLVFULPLQDWLQJ� EHWZHHQ� EHQLJQ� DQG� SDWKRJHQLF� SURWHLQV�� ,QGHHG�� HDFK� RI� WKHWKUHH� DPLQR� DFLG� SRVLWLRQV�ZLWK� ODUJH� HIIHFWLYH� VFDOLQJ� IDFWRU� YDOXHV�� 3UR���$UJ���� DQG� 3UR���� KDV� VLJQLILFDQW� VWUXFWXUDO� VLJQLILFDQFH�� )RU� LQVWDQFH�6WHYHQV� ������� KDV� LQIHUUHG� WKDW� WKH� LQWHUDFWLRQ� RI� $UJ��� ZLWK� $VS��FRQWULEXWHV� VLJQLILFDQW� IUHH� HQHUJ\� WR� WKH� VWDELOLW\� RI� WKH� SURWHLQ� DQG� DQ\VXEVWLWXWLRQ� RI� $UJ��� LV� GHVWDELOL]LQJ� DQG� VWURQJO\� DVVRFLDWHG� ZLWK�DP\ORLGIRUPDWLRQ�
7KH� FDSDELOLW\� RI� WKH� VFDOLQJ� IDFWRUV� WR� SHUIRUP� IHDWXUH� VHOHFWLRQ� FDQ� EHYDOLGDWHG� E\� UHWUDLQLQJ� WKH� 690� FODVVLILHU� ZLWK� WKH� WKUHH� NH\� DPLQR� DFLGSRVLWLRQV� UHPRYHG�� %\� GRLQJ� VR�� WKH� FODVVLILFDWLRQ� DFFXUDF\� GHWHULRUDWHG�( �����5 �����DQG�3 �����FOHDUO\�LQGLFDWLQJ�WKDW�WKH�VFDOLQJ�IDFWRUV�EDVHGRQ�WKH�6,�LQ�(T������SURYLGH�D�JRRG�PHFKDQLVP�IRU�IHDWXUH�VHOHFWLRQ�



2�%+���

3URFHHGLQJV�RI�7KH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�%LRLQIRUPDWLFV�����

)LJXUH� ��� 3RVLWLRQDO� UHOHYDQFH� RI� WKH� DPLQR� DFLG� VHTXHQFH� WR� FODVVLILFDWLRQDFFXUDF\�EDVHG�RQ�PXWDWLRQV� DW� WKH�JHUPOLQH� OHYHO� DQG� ILUVW�RUGHU� VHQVLWLYLW\LQGH[
7R� LQYHVWLJDWH� WKH� VWDELOLW\� RI� WKH� VHOHFWLYH� NHUQHO� VFDOLQJ� DOJRULWKPV� ZLWKUHJDUGV�WR�NHUQHO�IRUPV�ZH�UHSHDWHG�WKH�VLPXODWLRQV�XVLQJ�D�SRO\QRPLDO�NHUQHO�1XPHURXV�VLPXODWLRQV� LQYROYLQJ�YDULRXV�FKDQJHV� LQ� WKH� WKUHH�SDUDPHWHUV� �D�E��DQG�G��RI�WKH�SRO\QRPLDO�NHUQHO�UHVXOWHG�LQ�LGHQWLFDO�FODVVLILFDWLRQ�DFFXUDF\DV� WKH�RQHV�REWDLQHG�ZLWK� WKH� OLQHDU�NHUQHO��)XUWKHUPRUH��FRPSDULVRQV�RI� WKHHIIHFWLYH� VFDOLQJ� IDFWRUV� LQGLFDWH� RQO\� PLQLPDO� YDULDWLRQV� DURXQG� WKHGLVWULEXWLRQ�GHSLFWHG�LQ�)LJXUH����7KH�LPSRUWDQFH�RI�WKH�VDPH�WKUHH�DPLQR�DFLGSRVLWLRQV�� 3UR���� $UJ���� 3UR���� ZDV� XQPLVWDNDEO\� GLVWLQJXLVKHG� LQ� HYHU\VLPXODWLRQ��ZKLFK�VHUYHV�WR�GHPRQVWUDWH�WKDW�WKH�DGDSWLYH�VFDOLQJ�DOJRULWKP�LVLQKHUHQWO\�VWDEOH��LQGHSHQGHQW�RI�NHUQHO�IRUP�
7KH�ODVW�URZ�LQ�7DEOH���VKRZV�WKH�UHVXOWV�RI�D�KHXULVWLF�FODVVLILFDWLRQ�EDVHG�RQPDQXDO�DQDO\VLV�RI�WKH�GDWD��6WHYHQV���������%HFDXVH�DOO����VDPSOHV�ZHUH�XVHGWR� LQIHU� WKH�KHXULVWLF� FODVVLILFDWLRQ� UXOHV��ZH�FDQQRW� DVVHVV� WKH� JHQHUDOL]DWLRQDELOLW\� RI� WKH� DSSURDFK� DQG� SHUIRUP� D� FRQVLVWHQW� FRPSDULVRQ�ZLWK� WKH� 690
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UHVXOWV�� 1RQHWKHOHVV�� WKH� KHXULVWLF� DSSURDFK� SURYLGHV� IRU� D� VHPL�TXDQWLWDWLYHFRPSDULVRQ��ZKLFK�LQGLFDWHV�D�IDYRUDEOH�SHUIRUPDQFH�RI�WKH�690�DOJRULWKP��
&RQFOXVLRQV3UHOLPLQDU\� UHVXOWV� GHPRQVWUDWH� WKH� DELOLW\� RI� WKH� 6XSSRUW� 9HFWRU� 0DFKLQHDOJRULWKP� ZLWK� VHOHFWLYH� NHUQHO� VFDOLQJ� WR� GLVFULPLQDWH� EHWZHHQ� EHQLJQ� DQGSDWKRORJLFDO� LPPXQRJOREXOLQV�� (YDOXDWLRQV� XVLQJ� WKH� OHDYH�RQH�RXW� HUURUHVWLPDWH� FRPSDUHV� IDYRUDEO\� ZLWK� WKH� DFFXUDF\� REWDLQHG� WKURXJK� PDQXDOKHXULVWLF� FODVVLILFDWLRQ�SHUIRUPHG�E\�GRPDLQ� H[SHUWV�� 6LPXODWLRQ� WHVWV�ZKHUHWKH�SURWHLQ�ODEHOV��EHQLJQ�DQG�SDWKRORJLFDO��DUH�UDQGRPO\�DVVLJQHG�WR�WKH�GDWDDUH� XVHG� WR� YHULI\� WKDW� WKH� PRGLILHG� 690� LV� FDSDEOH� RI� FDSWXULQJ� WKHXQGHUO\LQJ�VWUXFWXUH�RI�WKH�GDWD��690V�SURYLGH�DQ�HIIHFWLYH�LQGXFWLYH�WRRO�IRUGHYHORSLQJ� SURWHLQ� FODVVLILFDWLRQ� PRGHOV� ZKHUH� WKH� GDWD� LV� VSDUVH� DQG� WKHGLPHQVLRQDOLW\�RI�WKH�LQSXW�IHDWXUHV�LV�ODUJH��
7KH�XVH�RI�DGDSWLYH�VFDOLQJ�EDVHG�RQ�ILUVW�RUGHU�VHQVLWLYLW\�DQDO\VLV� LV� VKRZQWR�EH�D�SDUWLFXODU�LPSRUWDQW�PHWKRG�WR�LPSURYH�WKH�FODVVLILFDWLRQ�DFFXUDF\�DQGDOORZ� IRU� IHDWXUH� VHOHFWLRQ�� ,W� LPSURYHV� FODVVLILFDWLRQ� HUURU� E\� ���� DQGFRQILUPV� WKH� LPSRUWDQFH� RI� FHUWDLQ� DPLQR� DFLG� SRVLWLRQV� LQ� WKH� OLJKW� FKDLQ�VXFK� DV�$UJ���� DQG� LGHQWLILHV� QHZ� DPLQR� DFLG� SRVLWLRQV�� VXFK� DV� 3UR��� DQG3UR���� ZKLFK� FRQWULEXWH� VLJQLILFDQWO\� WR� GHWHUPLQLQJ� SURWHLQ� VWDELOLW\�SUHYLRXVO\�VKRZQ�WR�EH�WKH�SULQFLSDO�GHWHUPLQDQW�RI�WKH�SDWKRORJLFDO�DWWULEXWHRI� OLJKW� FKDLQ� SDWKRORJ\� �5DIIHQ HW� DO��� ������� 7KH� DSSURDFK� LV� VWDEOH� LQUHJDUGV� WR� NHUQHO� IRUPV�� SURYLGLQJ� WKH� VDPH� SHUIRUPDQFH� LPSURYHPHQWVLQGHSHQGHQW�RI�WKH�W\SH�RI�NHUQHO�XVHG�
,Q�IXWXUH�VWXGLHV��ZH�ZLOO�H[SORUH�QHZ�DOJRULWKPV�IRU�VFDOLQJ�WKH�LQSXW�IHDWXUHYDULDEOHV� DQG� SHUIRUPLQJ� IHDWXUH� VHOHFWLRQ�� ,Q� DGGLWLRQ�� ZH� ZLOO� LQYHVWLJDWHZD\V� LQ� ZKLFK� WKH� LQIRUPDWLRQ� FRQWHQW� RI� WKH� WKUHH�GLPHQVLRQDO� SURWHLQVWUXFWXUH�FDQ�EH�LPSOLFLWO\�HPEHGGHG�LQ�WKH�VFDOLQJ�SURFHGXUH��:H�EHOLHYH�WKDWLW�LV�LPSHUDWLYH�WR�FRPELQH�SURWHLQ�SULPDU\�VWUXFWXUH�LQIRUPDWLRQ�ZLWK�WHUWLDU\VWUXFWXUH� LQIRUPDWLRQ� WR� FKDUDFWHUL]H� WKH� SURWHLQ� IXQFWLRQDO� EHKDYLRU²DFULWLFDO�IHDWXUH�LJQRUHG�E\�VLPSOH�DQDO\VLV�RI�VWULQJV�RI�DPLQR�DFLG�ODEHOV��
$FNQRZOHGJHPHQWV7KH� DXWKRUV� ZDQW� WR� H[SUHVV� WKHLU� JUDWLWXGH� WR� 7�� -RDFKLPV� IRU� SURYLGLQJDFFHVV� WR� WKH�690OLJKW� FRGH�� 7KH� ILUVW� DXWKRU�ZDV� VXSSRUWHG� LQ� SDUW� E\� WKH&RPEDW�&DVXDOW\�&DUH�DQG�0LOLWDU\�2SHUDWLRQDO�0HGLFLQH�UHVHDUFK�SURJUDPVRI�WKH�8�6��$UP\�0HGLFDO�5HVHDUFK�DQG�0DWHULHO�&RPPDQG��7KH�ODVW�DXWKRUZDV� VXSSRUWHG� E\� WKH�8�6��'HSDUWPHQW� RI� (QHUJ\��2IILFH� RI� %LRORJLFDO� DQG(QYLURQPHQWDO�5HVHDUFK�� XQGHU� FRQWUDFW�:��������(1*���� DQG� E\�863+6*UDQWV�'.������DQG�$*������
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5HIHUHQFHV%DOGL�3�� DQG� %UXQDN�6�� �������%LRLQIRUPDWLFV� �� 7KH� 0DFKLQH� /HDUQLQJ$SSURDFK��0,7�3UHVV��&DPEULGJH�&DUUHOO�5�:��DQG�*RRSWX��%���������&RQIRUPDWLRQDO�FKDQJHV�DQG�GLVHDVH±�VHUSLQV��SULRQV��DQG�$O]KHLPHU¶V��&XUU��2SLQ��6WUXFW��%LRO��������������'LQJ�&�+�4�� DQG�'XEFKDN�,�� �������0XOWL�FODVV� SURWHLQ� IROG� UHFRJQLWLRQXVLQJ�VXSSRUW�YHFWRU�PDFKLQHV�DQG�QHXUDO�QHWZRUNV��%LRLQIRUPDWLFV��������������(YJHQLRX�7��� 3RQWLO�0��� 3DSDJHRUJLRX�&�� DQG� 3RJJLR�7�� ������� ,PDJHUHSUHVHQWDWLRQ� IRU� REMHFW� GHWHFWLRQ� XVLQJ� NHUQHO� FODVVLILHUV�� �WK� $VLDQ&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ��-DQXDU\�������7DLSHL��7DLZDQ��3DSHU�$&&9������3RVWHU�6HVVLRQ�+XD�6�� DQG�6X�=�� �������$�QRYHO�PHWKRG�RI� SURWHLQ� VHFRQGDU\� VWUXFWXUHSUHGLFWLRQ�ZLWK�VHJPHQW�RYHUODS�PHDVXUH��6XSSRUW�YHFWRU�PDFKLQH�DSSURDFK�-RXUQDO�RI�0ROHFXODU�%LRORJ\��LQ�SUHVV�-DDNNROD�7��� 'LHNKDQV�0�� DQG� +DXVVOHU�'�� ������� $� GLVFULPLQDWLYHIUDPHZRUN�IRU�GHWHFWLQJ�UHPRWH�SURWHLQ�KRPRORJLHV��-RXUQDO�RI�&RPSXWDWLRQDO%LRORJ\��������������-RDFKLPV�7���������0DNLQJ�ODUJH�VFDOH�690�OHDUQLQJ�SUDFWLFDO��$GYDQFHVLQ�.HUQHO�0HWKRGV���6XSSRUW�9HFWRU�/HDUQLQJ��%��6FKRONRSI��&��%XUJHV��DQG$��6PROD��HG����0,7�3UHVV��&DPEULGJH�/RKPDQ�5��� 6FKQHLGHU�*��� 1HKUHQV�'�� DQG� :UHGH�3�� ������� $� QHXUDOQHWZRUN� PRGHO� IRU� WKH� SUHGLFWLRQ� RI� PHPEUDQH�VSDQQLQJ� DPLQR� DFLGVHTXHQFHV���3URWHLQ�6FLHQFH���������������5DIIHQ�5��� 'LHFNPDQ�/�-��� 6]SXPDU�0��� :XQVFKO�&�� 3RNNXOXUL�3�5��'DYH�3��� :LONLQV�6�3��� &DL�;��� 6FKLIIHU�0��� DQG� 6WHYHQV�)�-�� ������3K\VLFRFKHPLFDO� FRQVHTXHQFHV� RI� DPLQR� DFLG� YDULDWLRQV� WKDW� FRQWULEXWH� WRILEULO�IRUPDWLRQ�E\�LPPXQRJOREXOLQ�OLJKW�FKDLQV��3URWHLQ�6FLHQFH������������6WHYHQV�)�-�� ������� )RXU� VWUXFWXUDO� ULVN� IDFWRUV� LGHQWLI\� PRVW� ILEULO�IRUPLQJ�NDSSD�OLJKW�FKDLQV���$P\ORLG��,QW��-��([S��&OLQ��,QYHVW��������������9DSQLN�9����������6WDWLVWLFDO�/HDUQLQJ�7KHRU\��:LOH\��1<�=LHQ�$���5DWVFK�*���0LND�6���6FKRONRSI�%���/HQJDXHU�7�� DQG�0XOOHU�.�5��������(QJLQHHULQJ�6XSSRUW�9HFWRU�0DFKLQH�NHUQHOV�WKDW�UHFRJQL]H�WUDQVODWLRQLQLWLDWLRQ�VLWHV��%LRLQIRUPDWLFV��������������


